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(57) Abstract: The present invention is directed to a sys- 
tem (30) for anterior fixation of the spine that utilizes an 
elongated fixation plate (31). The plating system (30) 
stabilizes the spine and promotes fusion and incorpora- 
tion of a graft or implant in a portion of the spinal column. 
In one aspect of the invention, the fixation plate (31) has 
a first end with a pair of holes (34). Bone screws (50) 
extend through the holes (34) to rigidly secure the plate 
(31) to a first vertebra. The second end of the plate (31). 
is provided with a pair of slots (35) through which bone 
screws (50) extend for engagement with a second verte- 
bra. The screws (50) extending through the slots (35) are 
translatable in the slot (35) to maintain compression of 
the spinal column portion. The plating system (30) in- 
cludes a retainer assembly (33) that prevents screw back 
out Methods and iristruments relating to the plating sys- 
tem (30) are also described. 
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ANTERIOR CERVICAL PLATING SYSTEM AND METHOD 

5 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of instrumentation and 
systems for. the spine, and more particularly to instrumentation and systems for use 
in treatment of various pathologies of the cervical spine. 
0 As with any bony structure; the spine is subject to various pathologies that, 

compromise its load bearing and support capabilities. Such pathologies of the 
spine include, for example, degenerative diseases, the effects of tumors and, of 
course, fracture's and dislocations attributable to physical trauma. Spinal surgeons 
have addressed these problems using a wide variety of instrumentation in a broad 
15 range of surgical techniques. The use of elongated rigid plates has been helpful in 
the stabilization and fixation of the "lower spine, most particularly in the thoracic 
and lumbar spine. These same plating techniques have found some level of 
acceptance by surgeons specializing in the treatment of the cervical spine. 

The cervical spine can be approached either anteriorly or posteriorly. 
20 depending upon the spinal disorder or pathology to be treated. Many well.known 
surgical exposure and fusion techniques of the cervical spine are described in the 
publication entided S pinal Instrumentation , edited by Drs. Howard An and Jerome 
Coder. This text also describes instrumentation that has been developed in recent 
years for the cervical spine. Plating systems have become predominant for 
25 providing internal instrumentation in techniques that achieve fusion of the cervical 
spinal -from an anterior approach. 

During the development of cervical plating systems, particularly for the 
. anterior approach, various needs have been recognized. For example, the system 
should provide strong mechanical fixation that can control movement of each 
30 vertebral segment. The system should be able to withstand axial loading and 

continuity with each of the three columns of the spine. The system should also be 
able to maintain stress levels below the endurance limits of the plate material. 



SUBSTITUTE SHEET (RULE 26) 



PCT/US00/28119 

WO 01/26566 



while at the same time exceeding the strength of the anatomic structures or 
vertebrae to which the plating system is a*^^®**?^ s y stem 
should be small to lower its prominence, particularly at the smaller spaces of the 
cervical spine. Also, me screws used ^ connect me plate ; to.^ 
5 loosen over time or back out from the plate. t >" <; '}-:J ■ [ 

While the plating system should satisfy certain mechanical requirements, 
the system should also, satisfy certain anatomic and s^gic^ considerations. For 
example, mVcervical plating system should minimi the intruskm into the patient 
•and reduced 

10 in such procedures^ relate to the cervical spine betause^ne complications can 

be very devastating, such as ° T f 

arteries. It has also been found that the optimum plating system permits.placement 
of more than one' screw in each of the instrumented vertebrae. Also, - the system 
should be.designed to contact the vertebrae for greater stability. :,, 

Many spinal plating systems have been develop^' in the last couple of 
decadesrtb address some of the needs and requirements for cervical fixation 
systems. However, even with the more refined plating system designs, |here s|l ' 
remains aWfor a system that effectively^ 



15 



system: • • ..: , ; , ■ ,,. s ,.. ,- 

20 , There is.also a need for a plating system that addresses procedmes designed 

implanted to maintain a^sc space and/or i^place one more diseased vertebral 

bodies, it is:desirab£to 'ii^!^^i0. $ f ^^^^ 
implant into me spine. A piatihg system^ ^p^^^^f^ 
25 implant and/or provides.^ 

While the prior art plating systems relating to cervical platih| systems are 

. steps in the right direction, mere^r^ The 
present mvention is directedtosatisfym^ 
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SUMMARY OF THE INVENTION 

The present invention contemplates a system for anterior fixation of the 
spine that utilizes an elongated fixation plate. In one aspect of the invention, the 
plating system promotes fusion and incorporation of a graft or implant in a spinal 
5 column portion. The plating system provides continual loading of the graft or 

interbody implant. In another aspect, the plating system allows a compressive load 
to be applied to the spinal column portion. This pre-loading and continual . loading 
avoids stress-shielding and promotes fusion and incorporation of the graft or 
implant into me spinal column portion. . . •- 

10 In one aspect of the invention, the fixation plate has a first end with a pair 

of holes. Bone engaging fasteners extend through the holes to rigidly secure the 
plate to a first vertebra. A second end of the plate is provided with a pair of slots 
through which bone engaging fasteners extend for engagement with a second 
vertebra. The bone engaging fasteners extending through the slots are translatable 
15 in the slots to allow settlement and compression of the second vertebra with respect 
to the first vertebra. In a preferred embodiment, the plating system includes a 
retainer assembly that prevents fastener back out. 

According to another aspect of the invention, a bone fixation system for a 
spinal column segment is provided. The bone fixation system includes a plate with 
a central axis, a length between a first end and a second end, and top and bottom 
surfaces. The plate defines a plurality of first openings and a plurality of second 
openings between the top arid bottom surfaces. At least one of the plurality of first 
openings is positioned adjacent the first end of the plate and defines a circular hole 
though the plate. At least one of the plurality of second openings is positioned 
25 adjacent the second end of the plate and defines a slotted hole having a first width 
and a first length adjacent the bottom surface. A number of bone engaging - 
fasteners extend through the first and second openings. Each bone engaging 
fastener has a threaded shank and an enlarged head. The fastener has a 
substantially cylindrical portion with a third diameter that interfaces with the plate 
30 in the first opening such that the fastener inserted in the first opening assumes a 
fixed orientation with the plate. The head of said bone engaging fastener inserted 
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into the second opening is translatable along the length of the second opening to 
maintain compression of the spinal column portion. 

In another aspect of the invention, a bone; fixation system for a spinal 
column portion is provided. The bone fixation system includes a plate with a 
length along a central axis that extends between* first end and a second end. The 
plate has a top surface and a bottom surface and defines a plurality of first and 
second openings between the surfaces. At least a pair of the^t openings is 
positioned adjacent the firstehd, and the first openings define a circular openmg 
having a first diameter. At least a pair? f the second openings is positioned 
adjacent the second end, and the second openings define a slot having a first width 
and a first length. Anumberbf bone engagmg fasteners#ith an dongated 
threaded shank and an enlarged head are provided. The bone engaging fasteners 
extend through the first and second holes from the top surface. A retainer, 
assembly retains the bone engaging fasteners m me first ana second openings. In 
one form, the retainer assembly includes a washer having alengtli that 
substantially corresponds to the length of the plate. - 

In yet another aspect of the invention, a bone fixation system for a spinal 
column segment is provided. The system includes four bonj engaging fasteners 
that have an'enlarged head and a threaded shank. An elongated plate has a length 
extending between afirstend and a second end sized t%m between at least two 
vertebrae. The plate defines one pair of holes adjacent the first end and one pair of 
slots adjacent the second end. Each of the holes and the slots are configured to 
receive the threaded shank of a corresponding one of the bone engaging fasteners 
" therethrough to engage the plate to the vertebrae. The bone engaging fasteners 
extend through the pair of holes to fix the plate to^the -first vertebra. Bone 
engaging fasteners extend through me pair of^ 

• vertebra. ' The bonePengaging fasteners axial%ansiate in the slots to maintain . 

compression on the spinal Column portion. .-.y: - -r ■ » .••'>.; 
' - In a further-aspect of the invention, a bone fixation system for ^spinal 
, column portion is provided. The system includes six bone engaging fasteners that 
each have an enlarged head and athreaded shanki An elongated plate extending 
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between a first end and a second end has a length sized to span between at least 
three vertebrae, the plate defines one pair of holes over a first vertebra, one pair 
of slots over a second vertebra, and orie.pair of intermediate slots over a third 
vertebra intermediate the first and second vertebrae. The holes and the slots are 
configured to receive the threaded shank of the bone engaging fasteners 
therethrough. The bone engaging fasteners extend through the pair of holes to fix 
the plate to the first vertebra. The bone engaging fasteners extend through the slots 
to secure the plate to the second vertebra. The bone engaging fasteners axlally 
translate in the slots to maintain compression on the spinal column portion. The 
surgeon can optionally place bone engaging fasteners in the intermediate slots to 
engage the plate to the third vertebra. 

' In another aspect of the invention, there is provided a retainer assembly for 
an elongated plate that extends between at least two vertebrae. The retainer 
assembly includes a washer having at least one tapered aperture. The washer is 
15 translatable between a locked position and an unlocked position by threading a 
locking fastener into the tapered aperture. 

In another aspect of the invention, there is provided a retainer assembly for 
an elongated plate that extends between at least two vertebrae. The plate defines a 
number of openings for insertion of bone engaging fasteners to attach the plate to 
20 the at least two vertebrae. The plate further includes a first fastener bore in the 
plate adjacent at least one of the openings positioned over the first vertebra and a 
second fastener bore in the plate adjacent at least one of the openings positioned 
the second vertebra. The retainer assembly includes a washer that defines at least a 
first aperture adjacent the at least one opening positioned over the first vertebra and 
25 a second aperture ^adjacent the at least one opening positioned over the second 
vertebra. A locking fastener for each of the. apertures in the washer has an 
elongated shank extending through the aperture configured to engage the fastener 
bore of the plate. The washer is movable between a first position where the bone 
engaging fasteners are insertable into each of the at least one openings and a 
30 second position where the washer has a surface configured to contact the head of a 
bone engaging fastener extending through the at least one opening positioned over 
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the first vertebra and overlap the head of a bone engaging- fastener extending , 
through the at least one opening positioned over the second vertebra. ,■ ^ : 
In another aspect of the invention, a retainer assembly for an elongated 
plate is provided. The plate extends between at least two vertebrae and defines a 
number of openings for insertion of bone engaging fasteners to secure^ plate to 
fe atleast two vertriiac.' The pl^includes'at least <p^M^g*.9»> 
retainer assembly includes a washer thatdefines at least ajfet aperture positioned 
in communication with the at least one fastener bore. A locking fastener extends 
through the first aperture and has an elongated shank toengage the fastener bore of 
the plate. The washer is movable along its central axis between a first position 
where the at least two bone engaging fasteners are inserted through theopenings to 
eog.i'te^.iiia-^^^t^^ a secondpositiotf where a surface of the 
washer contacts at least the head of the bone engaging fasteners engaged to the 

first vertebra: ' '*>" A. 

In another aspect of the present invention, a method for applying a ..,4, ... ' 
compressive load to a number of vertebrae including at least a first vertebra and a 
second vertebra is proyided;^^ 

a guide surface and a notch; (b) positioning the template on the second vertebra 
with the guide surface on Wehdplate of the second vertebra to loc^e^nplate 
notch on tbe body of the second vertebra; (c) inserting, a pin through;*? notch . of ■ 
the template into the body-of the second vertebra; (d) removing ^te&pla^; (e), 
. placing a sleeve over the pin; (f) providing a plate having a length extending 
between* fiSend^d a second end ? the plate including a notch on-the second end 
and a number of openings th^ethrbugh; (g) placing the plaie 0% yeftebral. 
segment with the sleeve nested^n the notch of the plate; (h) fixing^f^t end of 
the plate to the first vertebra with bone;^gaging.fasienefs exteh^$|r^the 
openings positioniover the first vertebra; (i)'removing the sleeve f&m the pin to 
form a gap between the phi and the notch in the j^^'tiaf^^^ 
tool to the pin arid the plate; and (k) applying a compression load to the verbal 
, segment with le compression tool until the pin contacts the notch. In one v! 
embodiment, the plate includes holes positioned overthefirst vertebra and slots 
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positioned over the second vertebra. In another embodiment, the method further 
includes the step of retaining the bone engaging fasteners in the plate with a 
retainer assembly. 

' . . ■ *■ ■ 

In another aspect of the present invention, there is provided a method for 

5 maintaining compression of a spinal column portion. The method includes: (a) 
providing a plate having a length between a first end and a second end sized to 
span at least two vertebra, the plate having a pair of holes at the first end positioned 
over the first vertebra and a pair of slots at the second end positioned over the 
second vertebra; (b) fixing the first end of the plate to the first vertebra with bone 

10 engaging fasteners extending through the pair of holes; (c) securing the second end 
of the plate to the second plate with bone engaging fasteners extending through the,, 
pair of slots; and (d) translating the bone engaging fasteners in the slots to allow 
settling of the spinal column segment. In one embodiment, the method further 
includes retaining the bone engaging fasteners in the plate with a retainer 

15 assembly. 

These and other forms, embodiments, aspects, features, objects of the 
present invention will be apparent from the following description. 



WO 01/26566 



PCT/US00/28119 



8 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top perspective view of an anterior plating system according to 

the present invention. 

FIG. 2 is a top perspective view of the anterior plating system of FIG. 1 

5 with the bone screws locked in place. 

FIG. 3 is a top perspective view of the anterior plating system of FIG. 1 
with bonescrews translated in asiot.of.the plate.. . ■■ , 

FIGs. 4(a) - 4(f) are top plan views of fixation plates of the present 
•^tiofi : .6to^-Wdiffe*ni sfc^ and configurations.^ 
10 - FIGs. 5(a) - 5(f) are top plan views of washers of the present invention 

pnovidedWske^ 

5(f). ' * - : • ■ ■ . 

■ FIG; 6 is ; a side elevational view of a bone screw according to one aspect of 

the present invention. ... 

FIG. im side elevational view of a locking fastener according to another 

aspect of the present invention. . . - ^ 

' FIGs 8(a) -:8(k) are various views and sectipns of washersaccording to 

me present invention. '" ,. •;. 

FIG. 9 is a top plan view of a fust end of the fixation plate of the present 

20 invention. ;, .* . " v": '■■■■<: . >- '!*.;•• 

HG/IO is a cross-sectional view taken through line 10-10 of FIG. 9. 
FIG. 1 1 is an end elevational view of the plate of FIG 9. 
# FIG 12,is a top plan view of a second end of the fixation ; plate of the 

present invention. .. 
25 FIG. 13 is across-sectional view-taken along tine 13-13 of FIG. 12. 

FIG. 14 is an enlarged cross-sectional view taken through line 14-14 of 

fig. 12. .: . v: ' • . . ' .' 

FIG. 15 is a top plan view of an intermediate portion of the fixation plate of 

the present invention. - . .-* .• . * , -' 

30 .• FIG. 16 is a cross-secUonal view taken through line 16-16 of FIG. 15. 
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FIG. 17 is an enlarged cross-sectional view taken through line 17-17 of 
FIG. 15. 

FIG. 18 is.an enlarged cross-sectional view taken through line 18-18 of 

FIG. 15. , : 

5 FIG. 19a is a partial sectional view of the anterior plate assembly of the 

- present invention with the screws disposed through the holes at the first end of the 
plate and engaged in a vertebra. 

FIG. 19b is a partial sectional view of the anterior plate assembly of the 
present invention with the screws disposed through the slots of the plate and , 
10 engaged in a vertebra. ■ - 

FIGs. 20(a) - 20(f) illustrate various instruments and steps of a method 
according to another aspect to the present invention. 

FIGs. 2 1 (a) - 2 1 (c) are various perspective views of a compression tool 
according to yet another aspect of the present invention. 
15 FiGs. 22(a) - 22(b) are side elevational views of the arms of an alternate 

embodiment compression tool. _ 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the purposes of promoting an understanding of the principles of the 
invention, reference will now be made to ^ 

drawings and specific language. wulteu^d; to describe the same. It will, 
5 nevertheless be understood ^^S^^^^^^J 

thereby intended. Any alterations and mrther modifications in the illustrated 
' devices, and any furmer application 

herein; axe contemplated as would normally occur to one skilled in the art to winch 

the invention relates. v - • ; ■• - 

10 : A plating system 30 having application in an anterior approach to the . , 

'cervical spine is depicted in FIGs. 1-3 . The portion of. the spine is shown , 

schematically inFIG.l to ^^^^^^.7^^^ 
■ intermediate vertebrae V3 and V4. Preferably, first vertebra VI is the infenor or . 
bottom vertebra in the portion ofmespmalxolumn and the second vertebra V2 rs 
,3 " the superiorbFtop vertebra of theportion^the spinal column. However, rt rs also 
contemplated herein that first vertebra VI is the superior vertebra and that second . ? 
' 'vertebrae V2 is meihferior vertebra, It should also be understood that, as , 
described, me present inv^ has ap P Ucatibn ; with spinal column portions 
that include vertebrae ranging m riu^rom twotosix vertebrae. One or more . 
20 : implantslmay be placed into one or more of the disc spaces between adjacent 
' vertebrae Is needed. Implant I may be a bone graft, fusion device, or any other 
type of mterbody^ice mat is'inser^le into a disc space and promotes fusion 
between adjacent vertebrae;:, ; , , ..... - ... . ; 

' ' ' K^^V^V^™^^ plating system 30 includes an 

elongated plate 31 havmg^nu^^ number of 

• bone engaging fasteners, shown in the form of bone screws 50, that are intertable 
throughithe openings. In a preferred form, each bone engaging fastener is ? the 
form of a bone screw. Plate 31 has a longitudinal axis L extending alongthe ; 
length of the plate at its centerline. Bone engaging fasteners or bone screws 50 are 
30 held in plate 3 1 by way of a retainer assembly, 33 positioned along axis L. The 
- , ' openings of elongated plate 31 include a pair of holes 34 at first node.-36 adjacent a 
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first end of plate 31. First node 36 is positioned over'first vertebra VI. Plate 31 
also includes a pair of slots 35 at a second node. 37 adjacent a second end of plate 
31. Second node 37 is positioned over second vertebra V2. In some forms of plate 
3 1 , several intermediate nodes 38 are provided along the length of the plate 3 1 
5 between first node 36 and second node 37. Each intermediate node 38 includes a 
pair of intermediate slots 32 positioned over a corresponding one of the 
intermediate vertebrae V3 and V4. Plating system 30 can be fabricated from any 
type of biocompatible material. . 

It is preferred that holes 34 are paired with one of the holes of the pair on 
10 one side of the longitudinal axis L and the other hole of the pair on the opposite 
side of axis L. Slots 32 and 35 are similarly arranged in pairs. It is also preferred 
that paired holes 34 are identical in shape and size, and are located symmetrically 
about the axis L. Paired slots 35 are also identical in shape and size, and are 
located symmetrically about the axis L. The paired slots 32 at intermediate nodes 
15 38 are also identical in shape and size, and are located symmetrically about the axis 
L. Plate 31 includes recesses between each of nodes 36, 37, 38 to reduce the outer 
contouring size of the plate. In addition, the recesses between each of the nodes 
provides an area of reduced material, allowing additional bending of the plate by 
the surgeon as may be required by the spinal anatomy. Plate 31 has a length 
20 selected by the surgeon with nodes 36, 37, and, if needed, nodes 38 to register with 
the patient vertebrae. 

Plate 31 preferably includes a rounded upper surface 41 that is in contact 
with the soft tissue surfounding the spine when the plate is engaged to the spine. 
Rounded surface 41 reduces the amount of trauma that would be experienced by 
25 the surrounding soft tissue. The bottom surface 42 of plate 31 is preferably 

configured to contact the vertebral bodies of the spine at each of the instrumented 
levels. In one embodiment, at least a portion of bottom surface 42 can be textured 
along the length of the plate to enhance its grip on a vertebral body. 

Holes 34 include a recess 45 adjacent the top surface of plate 31 that allow 
30 the head of the bone engaging fastener, such as bone screw 50, to be countersunk 
in plate 31 . Similarly, intermediate slots 32 include a recess 46 around each slot 32 
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adjacent top surface of the plate, and slots 35 include a recess 47 around each slot 
35 adjacent the top surface of the plate. Preferably, slots 35 include a ramp 60 that, 
as described further below, allows a dynamic compression loadto be applied to the 
spinal column portion upon insertion of screw 50 at second end 43 of slot 35. 
5 Recesses 46, 47 also allow the head of screw 50 to be countersunk in plate 31 

when inserted through a corresponding one of the slots 32, 35. A groove 39 _ 
extends along axis L of plate 3 l and intersects with each of recesses 45, 46, 47 
along me lengthjofgrbove 39. The end'of plate 31 at second n^de 37 includes a 
notch 4o! which is preferably rounded with a radius R4 .centered on axis L (Fig, 

10 . 12.) : ' •• > ' ■"■ .. ' -r ;->~ ^.. p '' • 

Retainer assembly 33 includes a washer 90 having a length that 
substantially cori^sponds to the length of plate 3 1. Washer ,90 defines a plurality 
of apertures 91. Each aperture 91 is provided at abody portion 93, 94, 95 that 
corresponds io.vertebral nodes 36, 37, 38 ; respectively. A connecting portion J8 
extends between and connects body portions^ Eadi of me^aper^ 

has a countersink 92;extending therearound adjacent to the top^surface of washer 
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the fuit-endM aperture 91 to a second width at . Uie.secona enu ur^ciiLuw.^x, . 
* first width teing greater'thah me second width, luring fastener^ shc^ra in the - 
20 form of screws 85, are pqsitionable, each through a corresponding one of the 1 . 

■ apertures 91, to engage a fastener bore 70 (see.FIGs. 4(a) - 4(f))to jriate 31 and 
• couple washer 90 to plate 31. ~ y ( .y - ••.:;.-^'.>^ f . _ .' 

Consequently, retainer assembly 33 retains screws 50 r placed into the : 

^ertebrri^ 

25 ^umocked i^tiS^(^[0t'l) forWscrew msertion to a locked' position (FIG. 

R after screw insertion to contact theiiead of the bone screws m holes 34 and.; u,\ 
. 4erlap me head>cib6ne screws n^ 
contact me heads of bone screws, ingots 32, 35, thus allowing translation of die 
.bone screws ingots:* Back.ou.Vof the bone screws in slots 32, 35 is prevented; 
30 when the bone screw backs out from its seated position a sufficient amount to 
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contact washer 90. Preferably, washer 90 resides almost entirely within groove 39 
of plate 3 1 to minimize the overall height of the construct. 

As shown in FIG. 1, retainer assembly 33 is in an unlocked condition with 
screws 85 at the second end of apertures 90. In the unlocked condition, body 
portions 93, 94, 95 of washer 90 do not overlap holes 34 and a portion of slots 32; 
35, and enable insertion of the bone screws 50 therein. Narrowed, portions 98 of 
washer 90 allow bone screws 50 to be placed through holes 34 and slots 35 to 
secure plate 3 1 to the vertebrae VI and V2. If desired, the surgeon can also place 
bone screws 50 in intermediate slots 32 to secure plate 31 to vertebrae V3 and V4 
as deemed necessary. Plate 31 and bone screws 50 preferably interface in holes 34 
such that rigid fixation of plate 31 to the first vertebra VI is achieved. Slots 35 are 
positioned over second vertebra V2, and include a second end 43 and a first end 
44. As shown in FIG, 1, screw 50 is initially is inserted at second end 43 of slot 
35, allowing subsequent translation of screw 50 in slot 35 from second end 43 to 
15 first end 44. For the purposes of clarity, only a single screw 50 is shown in slot 35 ; 
however, it is contemplated that bone screws are inserted in both slots 35. Bone 
screws 50 inserted in intermediate slots 32 also translate from the second end 48 to 
first end 49 (FIG. 15) of slot 32. 

Once screws 50 are placed through holes 34 and in slots 32 and 35, washer 
20 90 of retainer assembly 33 may be translated to its locked condition shown in FIG. 
2. In the locked condition, body portions 93, 94, 95 of washer 90 retain the heads 
of the inserted screws 50 in holes 34 and slots 32, 35 and prevent the screws from 
backing out of plate 31. In order to translate the retainer assembly 33 to its locked 
condition, locking screw 85 is threaded into a corresponding fastener bore 70 in 
25 plate 31. This downward threading of locking screw 85 causes the tapered 
countersink 92 of washer 90 to ride along the head of locking screw 85 until 
locking screw 85 contacts the first end of aperture 91. This translates washer 90 
along axis L to its locked condition, where the washer 90 retains bone screws 50 in 
plate 31. 

Bone screws 50 are allowed to translate within slots 35 and intermediate 
slots 32 from the second end of the slots to the first end of the slots while retainer 



30 



WO 01/26566 



PCT/US00/28119 



14 



assembly 33 retains bone screws 50 in plate 31 and prevents screw -backout. As 
shown in FIG. 3, the screw positioned in slot 35 has translated from second end 43 
to first end 44. The translation of screw 50 is limited by contact of screw 50 with 
first end 44. The amount of translation may also be controlled By providing bone 
5 screws in intermediate slots 32. Thusi the amount of translation of the spinal : 
column segment cah^be limited by the length of slots 32, 35. 

Referring now to FIGs. 4(a) l 4(f) and FIGs. 5(a) - 5(f), several , 
embodiments of elongated plate 31 and washer 90 ap depicted. It is understood 
"' that the anterior.plating system 30 s acbording to the present invention can be readily 
10 adapted foffixatioh to several vertetirae by modifying the length of plate 31 and. .. 
the number and arrangements of hbles 34, second slots 35, and intermediate slots 
' 32. Paired slots 32, 35 and pafred holes-34 at each of the vertebrae provide, at a 
minimum, for atleast two bone screws?50 to be engaged into each respective 
vertebrae. The placement of two or more screws in each vertebral body improves 
15 the stability of the construct. It is one object of the present invention not only to . 
provide for mulupWscrew placements in each vertebral body, but also to provide 
meai& '^:^^^^^0^^^ to prevent back out or loosening of 
. the screws. the present mventibn contemplates various specific embodiments for 
a plate 31 mat is. provided inaengfs.tfeat range" from 19 millimeters (hereinafter 
20 "mm") to ll()min! : s^^ivefail"width of about 17.8mm. However, other f 
dimensions for the length and width of plate 31 are also contemplated herein. ,■ 
The plate^M of FIGs. 1-3 is siied ta and includes a 

ffrstnode-36, a second hoae^/&d two intetoe|iate nodes 38; mFIGst;4(a)^^ 
. 5(a), plate 31a and washer 90a Plate 31a has holes 

25 34a at first' '^^^^^^^^^^I^^P^} la is provided with^ 
." ' ' ■. ' washer 90a that resides in groove 39a':and is&anslatable to retain bone screws in 
- holes 34a"m'tms embodiment, plate 3 la provides rigid fixation at each vertebra. >. 
A modification of plate 31a is depicted FIGs . 4(b) ana 5(b). The holes at the , ; 
second vertebral node are replaced with slots 35b at second node 37b. A washer . 
30 90b resides in groove 39b,and is translatable to retain bone screws in holes 34b and 
slots 35b: . •' v \ •,;■*- ••• • 
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Plate 31c and washer 90c of FIGs. 4(c) and 5(c) similarly provide for 
instrumentation at two vertebrae. Plate 30c has a recess portion between nodes 36c 
' and 37c. Washer 90c resides in groove 39c and is translatable to retain lock screws 
in holes 34e and slots 35c. It should be noted that the plates of FIGs. 4(a) - 4(c) 
5 span two vertebrae, and preferably do not include notch 40 on the second end of 
that plate as do the plates sized to span three or more vertebrae. 

Plate 3 Id and washer 90d of FIGs. 4(d) and 5(d) are provided for 
instrumentation at three vertebrae. Plate 3 Id has first vertebral node 36d, second 
vertebral node 37d, and intermediate node 38d. Washer.90d resides in groove 39d 
10 and is translatable to retain bone screws in holes 34d and slots 32d, 35d. Plate 3 le 
and washer 90e of FIGs. 4(e) and 5(e) are provided for instrumentation at five 
vertebrae. Plate 31e has first vertebral node 36e, second vertebral node 37e, and 
three intermediate nodes 38e. Washer 90e resides in groove 39e and is translatable 
to retain bone screws in holes 34e and slots 32e, 35e. Plate 3 If and washer 90f of 
15 FIGs. 4(f) and 5(f) are provided for instrumentation at six vertebrae. Plate 3 If has 
first vertebral node 36f, second vertebral node 37f, and four intermediate nodes , 
38f. Washer 90f resides in groove 39f and is translatable to retain bone screws in 
holes 34f and slots 32f, 35f. 

Referring now to FIG. 6, the details of bone engaging fastener or screw 50 
20 are shown. Bone screw 50 is preferably configured for engagement in the cervical 
spine, and includes threaded shank 51. that is configured to engage a cancellous 
bone of the vertebral body. The threaded shank may be provided with self-tapping 
threads, although it is also contemplated that the threads can require prior drilling 
and tapping of the vertebral body for insertion of screw 50. It is preferred that the 
25 threads on shank 51 define a constant outer diameter d2 along the length of the 

shank. It is also preferred that shank 51 has a root diameter that is tapered along a 
portion of the length of the shank and increases from the tip of shank 51 to a 
. diameter dl at an intermediate or cylindrical portion 52. 

Intermediate portion 52 extends between shank 51 and a head 54 of screw 
30 50. The threads on shank 5 1 extend into portion 52 by a thread run out 53. 

According to standard machining practices, cylindrical portion 52 includes a short 
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segment that does not bear any threads. This segment of cylindrical portion 52 
interfaces or contacts with a plate thickness at hole 34 or slot 32, 35 through which 
bone screw 50 extends. This short segment has an outer diameter dl. The head 54 
of screw 50 includes a tool recess 55 configured to receive a driving tool. In one 
specific embodiment,tool recess 55 is a hex recess, or in the alternatively type 
of drive recess as would occur to those skilled in the art. Head 54 includes a 
truncated or flattened top surface 56 havkg a diameter d4. A spherical.: surface 57 
extends from cyUndrical portion 52 to a shoulder^, Shoulder portion 59,has a ^ 
diameter.dS. An. inclined surface 58 extends between shoulder 59 and truncated 
top surface 56/ Inclined surface 58 forms'an 4^#;^%Ef^ e ?| , f 
His contemplated that screw 50 may be provided with.shank 51 having a 
length that varies from about 10mm to about 24mm. , In one specific embodiment 
of screw 50, the threads have diameter d2 of about'4.^^^ In another specific 
embbdinient ( .the diameter d2 is about 4.0mm. In both specific embodiments, ; 
cyUndriSal portion 52 has a diameter dl of ^ahout^OSmm. Cylindrical portion 52 
has an unthreaded segment with aheightfil mal is determined by standard v . 
; machining practices for thread run-out be^ Height hi 

' and diameter dl of cylindrical portion 52 • 
screw 50 arid plate 31 Whole 34 or slot 32, 35 throughwhich screw 50 is placed. 
' Head 54 is provided with height h2, outer diameter d5 at shoulder 59,:diameter ; d4 
at top surfac^^inclined surfaced angle A, such *h| the head 54 ^nested 
™tb%its eo&p^g^ot:^ 35 or hok3^and jessed below the ^urf^e 
of the plate. Although reference has been made to; specific dimensions in this 
specific embodmient; it sliould be unde 

contemplates other dimensi&.and configuratio^sfor s should^ also be 

understood thafebone screws^sed to secin-e plapixan eachfiave a.(^erent ' y 

: length and-diamefers^ 

■ other bone engaging fasteners used in the construct. : ; ; f . . 

/: Y: Tte details of lockmg^screw 85 are provided in FK3. 7, Lx)cking.screw 85 
includes a'shahk 86 having machine ^ads lbereon: In one specific embodiment; ' 
' locking screw 85 terminates in a sharp point.SS th^ 
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vertebral body when locking screw 85 is secured in threaded fastener bore 70. 
Head 87 includes a lower conical surface 89 configured to mate with aperture 91 of 
washer 90. Head 87 further includes a tool recess 87a for receiving a driving tool 
therein. 

5 Further details and embodiments of washer 90 of retainer assembly 33 are 

provided in FIGs. 8(a) - 8(k). Washer 90 includes second body portion 95, first 
body portion 93, and if necessary, one or more intermediate body portions 94. A > 
connecting portion 98 extends between and connects each of the body portions 93, 
94, 95. Washer 90 has a top surface 100a and a bottom surface 100b, Each body 

10 portion 94, 95 defines an aperture 91 extending between top surface 100a and 
bottom surface 100b. Aperture 9 1 has a tapered countersink portion 92 
therearound adjacent top surface 100b./ Aperture 91. allows passage of shank 86 of 
locking screw 85 therethrough, and countersink 92 is preferably configured to mate 
with conical surface 89 and seat locking screw 85 at various positions along the 

15 length of aperture 91. Preferably, countersink portion 92 is sloped toward bottom 
surface 100b from second'end 97 to first end 96. The mating conical features 
between locking screw 85 and aperture 91 provide a self-translating capability for 
washer 90 relative to plate 31 as locking screw 85 is tightened into fastener bore 70 

i 

of plate' 31. 

20 Body portions 93, ?4, 95 have a width Wl that is;greater than a width W2 

of connecting portion 98. The width Wl and length of body portions 93, 94, 95 are 
configured so that the body portions overlap with recess 45of holes 34 and 
recesses 46, 47 of slots 32, 35., The body portions 93, 94, 95 retain the^heads .of 
bone screws extending through the holes and slots of plate 3 1 when washer 90 

25 resides in groove 39 and is in the locked condition of FIG. 2. The width W2 and 
the length of the connecting portions 98 are configured to allow insertion of.screws 
in holes 34 and slots 32, 35 when washer 90 is in the unlocked condition of FIG. 1. 

In FIGs. 8(a) and 8(b) there is shown second body portion 95 of washer 90. 
Aperture 91 has countersink portion 92 that is tapered along the length of aperture 

30 91 Aperture 91 has a width - W3 at bottom surface 100b of washer 90. 

Countersink portion 92 has a width that varies along the length of aperture 91 and 
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is greater than width W3. Countersink portion 92 has a radius Rl at. second end 97 
and a radius R2 at first end 96 at top surface lOOa^ It is preferred that Rl is less 
than R2 andthe width of countersink portion 92 increases from second end . 97 
towards fust end 96. Aperture 9! has a chord length SI extending between the . 
5 , center of "radius Rl and the center of radius R2i,Body portion 95 further includes a 
transition portion 99 that extends between connecting portion 98 and body portion 
. '• ' • v*> >. t . • '.••*^M'«f-"\ ••••• . 

, Intermediate b<>dy^ 8(c) and 8(d) is similar.in many ■« 

, respects to second body P 6rtibn 95 of Hps! 8(a); and 8(b),and also includes an 
10 / aperture 91 having* tapered countersink portion 92. However, intennediate.hody 
' > P or^ 

! second tian^ portion 98a exteh^s^between second connecting portion 98 and 
■ body portion 94. Body portion 94 has-a chord lengm S between the center of • 

' radius R'l.'and.the center of radius:R2. v 
15 ; ' *\ T^red c&erslnk 92 of^perture 9l;provides a self-translating capability 

. of the washer 96:cTMsi>beca& 

the locldngrcrewSS^eaded inW^ead^b^e 70. 'The carnimhg conical 
" ' surtee'89"of-scfew-85 advances do'w^w^ aiongA^ i%ed portion of the wall of 
; . countersink portion 92 of ••'^fe'- ' " - ' •' 

20 t HGs.8(efahd^ 
,. similar to sy 0 ndbody portion ^.Howeve^ih^ * 

* 'po^^ 

■ tape^alotgfe^ 

y Jmeclli^ 
; 25^ 1 traika&relativitopiateSlas descri^a^ 

• t positioned^ first^ i 

hand or w^m atooRo its translated positioii lock th/b washer in its'translated 

. ■ ;position;b^s^ 
30 J ; e6unters^ 

85, providing a reference for^the surgeon to. confirm.that washer 90 has been 
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translated to its locked position. It should be understood, however, that it is also 
contemplated herein that body portion 93 could also be provided with aperture 91 
like body portions 94 and 95 as shown in FIGs. 1-3. ■ 

Referring now to FIG. 8(g), a cross-sectional view of washer 90 is provided 
5 through aperture 91 ofbody portion 94, 95. Washer 90 has an outer surface 104 
configured to overlap bone screws 50 in slots 32, 35 without contacting inclined 
surface 58 of screws 50 when retainer assembly 33 is in its locked condition. 
Outer surface 104 extends from bottom surface 100b' to a shoulder 103. Shoulder 
103 extends between inclined surface 104 and top. surface 100a. Inclined surface 
10 104 forms an angle A 2 with respect to bottom surface 100b. Washer 90 defines a 
thickness tl between top surface 100a and bottom surface 100b, and a shoulder 
height of t2 from bottom surface 100b. Washer 90 has a width W7 along bottom 
surface 100b at aperture 91. ' 

Referring now to FIG. 8(h),' a cross-sectional view of washer 90 is provided 
15 through aperture 91 or 91* of body portion 93. Washer 90 has contact surface 106 
configured to contact inclined surface 58 of screws-50 when retainer assembly 33 
is in its locked condition. Contact surface 106extends from bottom surface 100b 
to a shoulder 105. Shoulder 105 extends between contact surface 106 and top 
surface 100a. Contact surface 106 forms an angle A 3 with respect to bottom 
20 surface 100b that is configured to mate with and provide surface contact with 
inclined surface 58 of bone screw 50. Washer, 90 defines a thickness t3 between 
top surface 100a and bottom surface 100b, and a shoulder height of t4 from bottom 
surface 100b.' 

In one specific embodiment of the washer 90, the body portions have a 
25 width Wl and connecting portion have width W2 that is based on the spacing • 
between the centerlines of the paired slots' and holes of the plates and the overall 
width of the plate. The width W3 of aperture 9 1 in the specific embodiment is 
sized to accommodate the shank 86 of locking screw 85 without head 87 passing 
therethrough. The length of body portions 94 and 95 varies based on the length 
30 and spacing between slots 32, 35 and holes 34 in plate 31. . Preferably, the body 
portions 94, 95 have a length sufficient to overlap substantially the entire length of 
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slot 32, 35 when retainer assembly 33. is in its.locked position. The tapered 
countersink portion 92 of aperture 91 has radius Rl that transitions to radius R2 
along the chord length SI. Thickness tl is less than thickness t3, and shoulder 
height t4 is less than shoulder height t2. Body portion 93 has a width W8 along 
5 bottom surface 100b Aat is greater than widm Angle 

A 2 is preferably le^smaf^ 
; arranged so that bo^y po|ont94; 91GO no^bntact die screw h^ nested in slots 
f . 32, 35 to fabmtate ttansl&on^f the screws ^#^ 32^35,, Body ; |||pn 9% ,;' 

contacts the screw, head* nested in1idies;34 to further enhance the fi^d; oriehtation 
10 between screws^O^dfp)^ 31 in hbles 34; Although reference has been made to 

the dimensional attributes of tWs specifi^ embodiment; U should be understood that 

the p^eW invention:alsb contemplates o to orientations and dimensional - 

relationships for washer.90. ; y, -j-p . * ; . 

; ' h The present^enuon also ^^^^^^f^.^ hvwhich. 

15 i individual washes are provided attach nodeforreta^g screws^ and 
;fiots 05 ofplate^^fe%now toHGs^p 'and 8(j), a slot washer 195 

^ ' ' and a hole washer 1^ 

of washer 90 and hole washer 193is similar to body portion 93 of washer 90, both 

' ' ' , ' : 6f which ^ described^ 

y- 20 number as the corresponding element of body portions 95„93. Slot washer 195 

' and&oie!^ 

i :washef:Iio&a^ ^4,f . 

- ^s^^ 

positio^^ ' 
. ' 25' eitendfe W ^J. £? ' 

length S3 that varies and is sized to cprrespond to the length of the plate adjacent 

: : . b ;~*Y> "■ ■■ ''. : ':;.''>.-,';ri. r iC 'r."t'- ..■ .. ' /"j'v * •'»'.;••' " 

" hole 34Swheh-.w_a^|eri^ . - v • • - ,v ;■ 

In FIG. 8(k)'an altfeniate embodiment of Rashers 193 and 195 is provided 
and designated at i9V( 195' respecuVely^ashers arejhe same as 

30 washers 193, l^ described aboVev.except for aperwre ; 191V Aperture 191 does not 
/ have a tapered countersmk, but nfe has a setni^cular countersink portion 192 



WO 01/26566 



PCT/US00/28119 



21 

only at first end 196. Countersink.portion 192 provides a single position for 
locking screw 85 to lock the washer 193' • 195" to plate 31 after the washer 193', 
195' has been translated relative to plate 31 by the surgeon: Washers 193', 195' 
have body portion 198\199' with length S4 that varies as described above with • 
5 respect to length S2 and S3. • * ' '*;"• 

Referring now to FIGs. 9-18, further details of plate 31 will be discussed 
with reference to illustrations of first node 36, secondnode 37, and intermediate • 
node 38: In FIGs. 9-1 1, first node 36 of plate 31 is depicted. It is preferred that 1 
holes 34 are identical and symmetrical about axis L. Hole 34 includes recess 45 
10 adjacent top surface 41 . Holes 34 include a cylindrical bore 77 having generally 
vertical sidewalls adjacent bottom' surface 42. Cylindrical bore 77 extends 
between recess 45 and bottom surface 42 of plate 31, and has a diameter Dl. 
CyUndrical bore' 77 has axis 72b that is offset at angle A 5 from an axis 72a that 
extends normal to plate 3 1 as shown in FIG. 10. Recess 45 has a partial spherical 
15 portion 45a defined about a central axis 72b. Axis 72b is offset from axis 72a by 
angle A 5 . Offset angle A 5 directs bone screws inserted into holes 34 toward the 
first end of plate 31. Furthermore, as shown in FIG. 11, axes 72a converge below 
the bottom surface 42 of plate 3 1 at angle A»" with respect to an axis 72c that 
extends along '.the centerline of plate 3 1 perpendicular to axis L. Recess 45 
20 intersects groove 39 at intersecting portion 45c. Spherical portion 45a is 

configured to mate with spherical surface 57 of bone screw 50, allowing at least a 
portion ofhead 54 to be recessed below top surface 41 of plate 31. 

To facilitate insertion of drill guides, drills and the bone screws 50, recess 
45 also includes a flared portion 45b that extends in a superior direction from axis 
25 72b. In one embodiment, recess 45 includes a wall that parallels bore 77 and 
extends between between spherical portion 45a and flared portion 45b to further 
facilitate insertion and maintenance of a .drill guide in recess 45. 

In one specific embodiment, spherical portion 45a has a diameter that 
mates with the diameter of spherical surface 57 of screw 50, and is slightly larger 
30 than diameter d5 of head 54 of bone screw 50. The cylindrical bore 77 of hole 34 
has a diameter Dl of 4.1mm, which is slightly larger than the diameter dl of 
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intermediate portion 52 of screw 50. this portion of the screw contacts bore 77 
and. assumes a fixed orientation with respect to plate 31. In this specific : 
embodiment, offset angle A 5 is about 12.6 degrees and convergence angle A4 is 
about 6 degrees . relative to axis 72c. Although reference has been made to the 
5 dimensional attributes of this specific eihbbdirnent, it should be understood that the 
present invention also contemplates bther^iniensions. .. 
. Refer^gnowttt 
Vertebral ndae.37 includes slbte3 

ibbiit axis; II, sfof 35 includes slotted bbre 78 adjacent bottom surface 4*bf plate 
10 31 having generally vertical side^aUs extending between second end 43 and first 
end 44. Slotted bore 78 extends between'bottom surface 42 and..recess 47 adjacent 
top surface 42. Bore 78 has a width W5 and a chord length S4, and has a central 
W75b extending tbxough plate 31., Recess;^ , 
. central axis 75b that extends around slot35. As shown In FIG. 13, cental axis 75b 
: >15 is offsrt from axis 75aAat extends nprmalito|late angle A 5 . . Offset angle > 
- A 5 directe bone screws ms^ the-second end p^ : 

' ; ,shbuldWriotef thatislpt 35 aUowsin^ 

in slotfs^b^ejsc^ *W location^ 

■ "> ■ .r^tween!^ ° f , 

2a : V bone screws 50 at second 43 as Would H^^^^^ 1 ^^^^ 
A Suftoer^ 

. . of plate-31 at angle A* with respect to axis 72c, , \ ''■-,:../ 

/ .Spherical portion 47a ; is configure mate with spherical surface 57 of 
bone sdfew 50/alj^ihg at leasf a portion bf&ad 54 ^be recessed below top^ , 

25 ' - surface 41of.^ 31. Td^iUt^^ 

^ screws 56, recess 47jsp:incl^ies afla^d;i^rd6n .'4^^«^fif ; ^o«w| 

include a wall that mt^^^^^^f^ spherical portion 47a and : ' 
,. ,.flared portion 471x10^^ facilitate Maintenance and insertion of a ^U:^uide m 
30 " rece^ mG ' ,„ 

. „ ■ ; \ 14- -The second end 
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centered about axis L. It is also contemplated herein that plate 3 1 is provided 
without notch 40, as shown in FIGs..4(a) - 4(c). 

In a preferred embodiment, slot 35 includes ramp 60 extending between 
bore 78 and flared portion 47b at second end 43. Ramp 60 is not configured to 
5 allow spherical surface 57 of screw 50 to seat therein, but has an orientation that 
causes second end 43 of slot 35 and screw 50 to separate as screw 50 is threaded 
into slot 35. Spherical surface 57 of head 54 provides camming action along the 
ramp 60 until head 54 seats in recess 47 at a position spaced a distance from 
second end 43. This camming action applies a dynamic compression load to the 
10 spinal column portion. The amount of compression applied to the spinal column 
portion is controlled by the length of ramp 60 from second 43 to the position in slot 
35 where screw 50 seats in recess 47; It should be understood that slot 35 may also 
be provided without ramp 60. 

In one specific embodiment, spherical portion 47a has a diameter sized to 
15 mate with spherical surface 57 of screw 50, and is slightly larger than diameter d5 
of head 54 of bone screw 50. Slotted bore 78 has a width W5 of about 4. lmm, 
which is slightly larger than the diameter dl of intermediate portion 52 of screw 
50. The cylindrical portion 52 of bone screw 50 contacts plate 31 in bore 78 and 
prevents rotation of screw 50 transverse to axis 72c. The chord length S4 varies 
20 depending upon the length of the slot 35 needed for the particular application of 
plate 31 and patient anatomy. In this specific embodiment, offset angle A 5 is about 
12.6 degrees and convergence angle A4 is about 6 degrees relative to an axis 72c. 
Although reference has been made to the dimensional attributes of this specific 
embodiment, it should be understood that the present invention also contemplates 
25 other dimensions. 

Referring now to FIGs. 15-17, various views of intermediate node 38 are 
depicted. Vertebral node 38 includes slots 32 that are preferably identical, and 
symmetrical about axis L. Slot 32 includes slotted bore 79 adjacent bottom surface 
42 of plate 3 1 having generally vertical sidewalls extending between a second end , 
30 48 and a first end 49. Slotted bore 79 extends between bottom surface 42 and 

recess 46 adjacent top surface 42. Bore 79 has a width W5 and a chord length S5, 
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and has a central axis 76a extending through plate 31. Recess 46 has a spherical 
portion 46a that extends around slot 35. As shown in FIG. 16, central axis 76a 
generally extends normal to plate 31. However; as shown in FIG. 17, the axes 76a 
converge below the bottom surface 42 of plate 3 1, at angle A^ wth respect to axis 
72c. It should be noted that slot 32 allows insertion of bone screws 50 at various 

angles with respect to axis 76a. .■■■■■_]>' /;/•< . . ; 

e Spherical portion-46a is configured to. mate with spherical surface 57 of 
bone sctew 5p;.all6wing^ of head 54 to^ recessed below top . 

s%ace4(of^ 

50, recess ? 46^6 ui6^ poition46b mat extendsaround spherical 

portion 46ar : in one embodiment, a waU paralleling bore 79 extends between 
spherical portion 46a and flared portion 46b to furmer facUitate insertion. and 
••v." 'm^M^^:rdn^d^^ss.46.^^ 50 may be placed within 

intermeiate^slot 32 betweeh ends 48-and^9> Howeyer/it is preferred that the 
15 screw is ins^ end 48, Jhus allowmg cbmpression loading of 

the spmai^column>seg^nent; . Recess 46 intersects groove 39 at.bverlap portion 46c, 

•'■ as shbwhjin FIG. 17- •''■•j. - 

> 'inone^ecifio^ 

. mate with spherical surface 57 of screw.50, #nd is slightly larger than diameter d5 
20 of head 54'ofbone screw 50. The.slotted bore79has'awidth W5 of about 4.1mm, 
; which issUghdylarger^ of screw - ' 

- 50: Cyfodri^ppri^ 

• suchfotan^ . 
^ v thprd:i|n^ 

25 MparfcS^ ■ 
/ embodimenCcbn%gehce ;^gie. A4-is:abcmt;6;degrees^lariye tb^n axis 72c. 

; Almough^eference kasbeen made tgkb^me^ SP^ 10 ; 

* Embodiment; itUbuld^unders^ # contemplates 

• other Jdimensioris. ; '•' ^ ';■/•">?? ..' p-'-tr' \^ : . 'i >', '•*• '.' ■ ' 

;. '£ v , Referring now to FIG. 18, a' crbss-sebdonM view of plate 31 is provided 
, «^ 39 has^a^ddi W6.aa9P surface 4l of 
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plate 31. Groove 39 has bottom surface 73 extending between inclined sidewalls 
74. Sidewalls 74 extend between bottom surface 73 of groove 39 and top surface 
41 of plate 31. It is contemplated that the groove 39 has a depth sufficient to 
accommodate the washer 90 so as to minimize protrusion of washer 90 above top 
5 surface 41 of plate 31. 

To accommodate the anterior application of the fixation plate assembly 30, 
the plate is curved in two degrees of freedom. Specifically, the bottom surface 42 , 
of the plate can be curved along a large radius R, centered in a vertebral plane 
containing central axis L, as shown schematically in FIG. 16, to accommodate the 
10 lordotic curvature of the cervical spine. In addition, bottom surface 42 forms a 
medial/lateral curvature G, as shown in FIG. 18, to correspond to the curvature of 
the vertebral body. It is understood that plate 31 can also be bent as needed to 
accommodate the particular spinal anatomy and vertebral pathology. ; 

Referring now to FIG: 19a, a partial sectional view of fixation plate 
15 assembly 30 at holes 34 is provided with screws 50 engaged to' vertebra V I and 
retainer assembly 33 in the locked position. A pair of screws 50 are disposed 
within the respective holes 34 so that the threaded shanks 5 1 project beyond the 
lower surface 42 of plate 31 into the vertebral body VI. The intermediate portion 
52 of screw 50 extends through the bore 77 of the hole 34. Spherical surface 57 of 
20 head 54 contacts recess 45 of hole 34 when screw 50 is seated therein. The 
intermediate portion 52 provides a snug fit for screw 50 in the bore 77 so that 
screw 50 is not able to pivot with respect to plate 31. 

Referring to FIG. 19b, a partial sectional view of fixation plate assembly 30 
at slots 32 or 35 is provided witlr screws 50 engaged to vertebra VI and retainer 
25 assembly 33 in the locked position. ; A pair of screws 50 are disposed within . 
respective slots 32, 35 so that threaded shanks 5 1 project beyond lower surface 42 
of plate 3 1 into the corresponding vertebral body V2, V3, or V4. Cylindrical 
portion 52 of screw 50 extends through bores 78, 79 of slots 35 and 32, 
respectively. Spherical surface 57 of head 54 contacts recesses 46, 47 of slots 32, 
30 35 when screw 50 is seated therein. Cylindrical portion 52 provides a snug fit for 
screw 50 in bores 78, 79 so that screw 50 is not able to pivot or translate with 
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respect to axis 72c of plate 31. Of course, screws 50 inserted into slots 32 or 35 
are able to translate along the length of slots 32, 35 as described above: It should 
be understood that the present invention also contemplates various embodiments of 
plate 31 that use Variable angld screw's capable of assuming universal angular : 
5 brientation withrespect to plate 31in slots^, 35 and hojes'34. ; ; 

' Border to^lnsure sc 
33 is moved to its locked position where if contacts the.heads 54 of bone screws 50 - 
in holes 34.^cking screw 85 is toreateft^ of plate 

31 tottanslate washer 90 from its unlocked position to itslocked position, as ; . 
10 described above; and to" draw contact surface- 106 into contact with inclined surface . 
58 of screw 50 as shown in FIG. 19a: Cohtact surface 106 preferably applies a 
downward force onto head 54 to firmly seat the screw heads within the plate 
recesses and further fix screw 50 in hole 34: In a preferred embodiment, this ; . 
downward force is exacted by washer 90 as.surface 106 contacts inclined surface >. 
15 58. As shown in FIG. 19b, outer surface 104 of washer 90 does not contact the 
of b'ohj scre^50;in slcfe 32V25;' Outer shrface; 104 #erlaps the bone 
1 ,' ; 4ws,5fei%e screws in slots 32,35 • '6utensurf#"lQ4.^c^tact the H 
-headk s 6if*&e b<me Screws if & bone kife^bacltoW from slot$$2, 35j? ftis. ; / 
preferred ^$^iji^^^^'90 does nolcontact bottom surf ace 

2Q\ ;>73pf^rbpver39;. ; ; ; ' - .' ~'fi>* ^ : : /r[\- " 

may be loosely 

fixed on pke 31 so the surgeon need not fiddle' wim applying retainer assembly 33 ; 
to plate 3 1 during surgicai procedures. -The lacking fasteners 85 are'pre-in^ertexi - 

25 " 'Washer 90 is"imtiaUy positio^ 
positioned ad^^ 

■ : holes and slots of plate 3 1 ; locking fasteners 85 are advanced further into bores 70 
and along tapered portions 92 of apertures 91 to translate washer 90jto a locked 
. cbndition?and retainjbone screws ':50nplaie 3:K^-^*/'' ; .'v : '•<'.,■ 

30 - As previously m6pUo'ned,-sharp points 8. of lacking screw 85 is preferably 

■ configured to penetrate the cortical'bone- m one embodiment, sharp pom^ 
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penetrate the vertebra when plate 31 is initially positioned on the bone. In this 
instance, locking screw 85 helps locate and temporarily stabilize the plate on the 
vertebra as the bone screws 50 are engaged to the vertebra. This temporary 
location feature provided by locking screw 85 can also be used to maintain the 
5 position of plate 3 1 on the vertebra as a drill guide is used to drill and tap the 
vertebrae to receive bone screws 50. 

According to another aspect of the invention, there are provided, 
instruments and techniques for securing plate 31 to vertebrae of a spinal column 
segment and for applying a compression load to a graft or implant placed in the 
10 spinal column segment. Referring toFIGs. 20(a) - 20(f), a guide 150 includes a 
handle 152, a template 154, and arm 153 extending therebetween. Preferably, arm 
153 extends outward from the spine and is bent so that handle 152 parallels the 
spine, positioning handle 152 out of the way of the surgeon. Template 154 
includes a second end 155 that defines a notch 158. Template 154 also includes 
15 first end 1 56 having a proj ection 1 56a extending downward therefrom towards 
vertebral body V2. Template 154 further defines a pair of slots 157 between 
second end 159 and first end 156. 

' The surgeon selects a guide 150 with a template 154 sized to position notch 
158 at the desired location on vertebra V2 and places guide instrument 150 on 
20 vertebral body V2. Notch 158 is located on vertebra V2 by placing projection 
156a in abutting contact with the endplate of vertebra V2 in disc space D. Slots 
157 provide a visual indication to the surgeon of the range of positions available 
for screw insertion into the vertebral body through slots 35 of plate 31. * If desired, 
the surgeon can obtain a desired position or location of notch 158 and the desired 
25 available range of bone screw, positions on vertebra V2 by, selecting a guide having 
a different sized template 154. 

Referring now to FIG. 20(b), after the notch is in the desired position on 
vertebra V2, a compression pin 170 is placed into vertebra V2 guided by notch 
158. Pin 170 includes a lower end 171 having a threaded portion (not shown) for 
30 attaching pin 170 to vertebra V2. The attachment portionis preferably threaded to 
screw into vertebra V2, but may also be smooth with a spiked tip for insertion into 
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the vertebra. Pin 170 also includes fool engagement porti^ t 
installation of pin 170 to the. vertebral 4d y : It is alsq cx)ntemplated that the .V.-. 
surgeon; can place P in : 170on the vertebralbodppaced away from notchH 58 if,, 
desired and the vertebral anatomy so allows. " 
5 After pin 170 is engaged to vertebra V2, gdide 150;is temoved and a sleeve 

180 is placed over pinvlTO is shown in FIG. 20(c). Sleeve480 has a hollow body. 

181 extending bemeen a first end 186 'adjacent vertebra V I and a second end 184. 
A second end 174^)f pin !l 70 preferably extend.s^from second end 184|f sleeye^, » 

10 • '^^i^^^^M^ W- It is contemplated that sleeve ,180. 
V has hollow interior and an internal configuration that provides secure attachment to 
pin 170; Body 181 includes cylindrical outer surface 182 with an outer diameter 

$ ' • ? ' With sleeve 180 in its proper position; plate 31 is positioned with notch 40 
15 \ in abuttm^contact with surface 182^of sleeve 180; as shown in FIG- 20(d). 
;,; T&di^ter d6^sleeVe::l80:slighdy^ 

' Ahat notch4;o>^ed:arpund ; slee^ 180. Plate 3 r is then secured to vertebra VI 
by-inserting screws 50,through holes 34. • : :'r r-'' 

With plate 31 secured to the vertebra VI, sleeve 180 is removed from pin 
20 ^ 'nb^sh^h-innG. 20(e), forming a ; gap"177 between pin 170 and notch 40. ; In 
r ^ref^^din&nt, itls contemplated thaVgap 177 is about 2mm. However, 
other sizes for^gap 177 are&memplated herein. based on the desired compression 
to be applied.', „ * £f '. ; ' ' ./ ' . ' 

■;• ' ; " - J rReferrmgnow tb 
~, 25 and to slots 32 of plate 31. It is als Jcbntemplated.Aat the compression tool can be ^ 
./ ;^se|S^plaS3lother ^ at ^ Slby^r^example, engaging die sid^o^ 

" ' plate^fe^ 

t6 pih ; 176? SecbiidVarm 292is conhected foitfieisecond end of slots 32 via > 
extensions 297 extending from secc^fbot 296. First arm 29l:and sfec^d arip 292 

-30 aremanipulai^ 

'.. segment.:The amount bfappUldb between pin 170 and 
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- notch 40. For example, in the specific embodiment where gap 177 is 2mm, the 
spinal column portion is compressed 2mm. 

Bone screws 50 are inserted into slots 35 with compression tool 290 . 
maintaining the compression load. .With ramp 60 at second 43 of slot 35, an 
5 additional amount of dynamic compression is achieved with screw insertion in 
slots 35, as described above. With screws 50 seated at end 43 of slots 35, 
compression tool 290 may be removed without release of the compression load. 
Additional bone screws may be inserted into intermediate slots 32. Washer 90 
may then be translated as described above to retain bone screws 50 in plate 31. It 
10 should be note that it is contemplated herein that compression tool 290 and pin 170 
are preferably only used with plates providing instrumentation at three or more 
vertebra. However, utilization of a compression tool configured to engage a plate 
for providing instrumentation at two vertebrae is not precluded. 

Referring now to FIGs. 21(a) - 21(c), further details of compression tool 
15 290 are provided. Tool 290 has first arm 29 1 having first foot 294 extending 

therefrom. First foot 294 defines recess 293 for receiving the pin 170. Second arm 
292 has.second foot 296 extending therefrom. Second foot 296 includes 
extensions 297 extending downward therefrom configured to engage intermediate 
slots 32 of plate 31. Extensions 297 preferably include recesses 307 that are 
20 configured contact the second ends of intermediate slots 32. It is also 
contemplated that extensions 297 have a curved bottom surface 308 that 
corresponds to the medial lateral curvature of the vertebral bodies. 

First arm 291 has a reduced thickness portion 299 extending through a 
passage 295 formed in second arm 292, and is pi votally coupled to second arm 292 
25 with pin 299. First arm 291 has curved handle portion 306 having a projection 303 
extending therefrom. Second arm 292 has a handle 305. A ratchet bar 301 is 
pivotally coupled to second arm 292 via coupling 302. Preferably, ratchet bar 301 
is spring-t>iased towards projection 303. Serrations 304 formed on the bottom side 
of ratchet mechanism 301 provide for selective engagement with projection 303 on 
30 first ann 291. 
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' . ' X The first and second arms are compressed towards one another to applythe 
compressive load to the vertebral segment. Projection 303 engages the serrated 
bottom of ratchet bar 301 to prevent relaxation of the arms and allows the surgeon ' 
to maintain the compression load during msertioh of bone screws 50 within slots;, 
5 35. Rkchet bar 301 may be lifted against its spring bias away from arm 291 to| 
disengafcr^ 

away from one another to release compression tool 290 frompmT70 and ; plate31. 
\ i - While compression.tool 290 has been fllustratedand described in detail-, the ' 
* present ulvftibn also collates other tcK>k|apab^^itfg Wired between'/ 
. ' frii i70:id?pjate 31 to provide a compression- toad to' the. Spinal column. segment:/ 
': Foreiainple^e%rring now to FIGs. 22(a) ^;22(b),^is;comenmlated that$ , .;. . 
. compression tool may '^^'^^^Mi^^ 6 ^^^^ &st arm 391 ' 
: ;^second ann ; 392 t^iacuitfte access lb rplate 31 and pin |70 at the sugical site. 

St^ 

15 fo0396 has extensions 397 ^^■^^i^^^f to e^ensionf - 
H '• dfW ife^Kt-arm has an; upper portion^lc that terminates with curved 



10 



, 391h ending betWeen lo%porti6n^9i^d upper po^tm 39.1c. >Arigle,B2 is 

between vertical portion 391b and upper pprtion 391c. Vertical portion^ lb as a 
V region.^freducedithickues^ ."• ;; * 

; " "■ ' 3- ^Second arm 392 has a lo^r portion392a tormh^gahgle Bl. with second 

4oot39j ; Se&^^ V' 
• 25 -"sinuU&ric^ 

portion 392c that tenrnn|te| , 
; 40fwkhse^ations4bi Ratchet bar 401 is pivotdly coupled to arm 392 and 
' , ''^i^^p^^^ 403.' Ratchet bar^01 ; k similar to rat^ bar 301, 
-,' . , butis preferky cViy^ 

30, ' arms 391, ^ ^lui^maintaining engagement betweeii ratchet bar 401 and = 

/ . ^ectiqn^Sr 
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portion 392a and upper portion 392c. Angle B2 is formed between lower portion 
392a arid vertical portion 392b. Angle B 1 is formed between vertical portion 392b 
and upper portion 392c. Vertical portion 392b as a 'slot 395 of receiving reduced 
thickness portion 399 of vertical portion 391b, where first and second arms are 
5 pivotally coupled via a pin (not shown.) . , . ' - ' 

In one specific embodiment of compression tool 290 and 390, angle B 1 is 
about 120 degrees and angle B2 is about 150 degrees. However, other angular t 
offsets in first and second arms of compression tools 190, 290 are also 
contemplated herein as would occur to those skilled in the art. 

•>■/ ..... • . . . . . - 

10 While the invention has been illustrated and described in detail in the' 

drawings and foregoing description, the same is to be considered asallustrative and 
not restrictive in character, it being understood that only the preferred embodiment 
has been shown and described and that all changes and modifications the come 
within the spirit of the invention are desired to be protected. 
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' V ' ■ CLAIMS ■■• . .'• .. • \ 

What is claimed is: " . .," . '•' '"V '"• "• 

1. A bone fixation system for a portion of the spinal column, v. • 

comprising: ' ■ ' '-' ' \ : _ ' .-; ,■ " ■ '' .•■ * 

5 a plate having a length aldng a central axis extending longitudinally ' '.-. . - ^ ; 

: between afirst endand a secdnd end, and atop surface aid a bo^ 

-second openings betwebn said surfaces, wherein: ; • •/ [■ V-}^v " J, 

• '. / ■ T ■ ■ " • v at least one of said plurality of first openings is positibned^adjacent 
10 said first end, said one firet openihg defining a circular hole having a first 

^ diameter adjacent said bottom surface; "' \\, \. ' . ■ ; 

. ' : r at least one of said plurality of second openings is positioned - : 

, , ' , - y ;> ; ' adjacent said secbnd.end, said one.second-operimg defining a slot having a 1' 
- r ..v*' ' fi^t'width and a first length adjacent s^ . • ; 

' 15 ., ' • .; bone engaging fasteners extehdmg.^ and second openings, 

each bone engaging fastenerhavmg an elongated shank defining bone engaging • 
■ . ., threads;thereon and an enlarged hea^ cylindrical 

• ' portion with a third diarneter less.than said first diameteriso said bone engaging 

\ • fastener can be inserted through said one first opening and said cyUndrical portion 
.:• contacts said plate in said o^W i^^^'wm^ac engaging fastener ■ •;. 

"assumes a fixed orientation relative to said ; plate,said cyUndrical portion third . 
' diameter also less than said second width so said bone engaging fastener can be 

• > ,. inserted through/ s^ one second openmgfiom said top surface. of • 
%',] said head of said bone, engaging fastener is translatable along the length of said at ••■ 

^ 25 • least one second opening to maintain compression of the" spinal column portion. 

• k,,' •;• 2.. The bone fixation system of claim 1,' wherein said second openings 

. include a ramp that guides said bone engaging fastener as it is inserted into said 
" . one second opening to provide a dynamic compression load to the spinal column 
.• 30 portion. • ■ . . ,'<•- ■: '_-*■ ' ' : . 
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3; ; The bone fixation system of claim 1, whereby each of said at least 
one first and second openings define a recess adjacent said top surface and said 
enlarged head defines a partially spherical surface complementary to said recess of 
said at least one first and second openings. 

5 • 

4. The bone fixation system of claim 3, wherein said head of said 

* 

fastener includes a truncated top surface, 

5. The bone fixation system of claim 3, further comprising a retainer 
10 assembly for retaining said heads of said number of bone engaging fasteners within 

said at least one first opening and said at least one second opening. 

6. The bone fixation system of claim 5, wherein said retainer assembly 
includes: 

a first fastener bore defined in said plate adjacent said at least one first 
opening and a second fastener bore defined in said plate adjacent said at least one 
second opening; 

. a washer having at least a first aperture adjacent said at least one first 
opening and a second aperture adjacent said at least one/second opening and a 

20 countersink portion communicating with each of said apertures, said washer further 
having a body with portions overlapping said at least one first and second opening > 
when said washer is in a first position relative to said at least one first and second 
openings, said body portions being arranged so that bone engaging fasteners can be 
inserted through said at least one first opening and said at least one, second opening 

25 when said washer is in a second position relative to said at least one first and 
second openings; and 

a locking fastener for each of said apertures having a head configured to be 
at least partially recessed within said countersink portion of said washer and 
having an elongated shank extending through said aperture and configured to 

30 engage said fastener bore of said plate. 



15 
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; 7. 



The bone fixation system of claim 6; wherein said plate further 
defines a groove in said top surface extending longitudinally along said plate, said 
groove being overlapping said at least one first and second openings, said first and 
second fastener bores being positioned within said groove, ■ „.'=• : 

8: fThebone fixation system of claim.5; wherein said retainer assembly 
includes a washed havihg a cbnkct surface fd^ saidj^adpf said borie^ , 

engaging fastener m said one.fif^penmf and an outer surface for overlapping 
said headsWsMdibone eigaging^te ' ' i 



10 '^&f.-\ 
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: ' r 't The bone fixation system of claim 1 , further comprising a retainer , 

■ ' ■ v ■ ■ .-. y.- ;.>r'/ ' '' . •• ' \ ~: 

assembly)including: ' A- ' 

' ; . ; 5 , " a first fastener bore defined in said plate adjacent said at least one first 
• op^l^d^ond'fastener borbidefmed-m s^d^late adjacent said at least one 

15 . second opening; ' • s- w ; . . ■ -.i- ' . ' v R , .. '. f 

opening and a second aperture adjacent, said at least one second opening and.a W ■ 
countersink communicating with'each of said apertures, said washer further having 

*"? > ;; ; :." .^dbj^ to configured to be 

at least partially recessed, wi^ - 

' . ., ■ . ■ :• io; f The bone fixation system of claiin 9, wherein.said washer has an 
; - outer surface that overlaps said head of saidbone engaging fastener extending 
through said at least one second hole with^out cpiitacting said head. - 

.• v { '•** -• '' ~> '• • v..' ■*■« - ; ' •■ .... •*•-•.;*. *••• ' 
30 11. The bone fixation systemof claim 9, wherein said plate further ^ 

; 5 defines a groove in said top surface extending longitudinally along said plate,. said 
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groove overlapping said at least one first and second openings, said first and 
second fastener bores being positioned within said groove. 

12. The bone fixation system of claim 1, 'Wherein said elongated plated, 
5 defines a plurality of vertebral nodes at longitudinally spaced location along the 

plate. 

13. The bone fixation system of claim \% wherein there are provided a 
pair of said first openings at one said vertebral nodes adjacent said first end of said 

10 plate and a pair of said second openings at one of saidverfebral nodes adjacent said 
second end of said plate. 

14. The bone fixation system of claim 13, wherein said openings of said 
pair of first openings are symmetrically positioned about said central axis and said 

15 openings of said pair of second openings are symmetrically positioned about said 
central axis. ; " ; 

15. A bone fixation system for a portion of the spinal column, 
comprising: . 

20 a plate having a length along a central axis extending longitudinally 

between a first end-and a second end, a top surface and a bottom surface along said 
length, said plate further defining, a plurality of first openings and a plurality of 
second openings between said surfaces, wherein: 

at least two of said first openings are circular, haying a first 
25 diameter, and are positioned adjacent said first end; 

: at least two of said second openings are slotted, having a first width 
and a first length, and are positioned adjacent said second end of said plate; 
bone engaging fasteners extending through said first and second openings, 
each bone engaging fastener having an elongated shank having bone engaging 
30 threads thereon and an enlarged head, said bone engaging fasteners configured for 
insertion into said first and second openings from said top surface; and 
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• -. /> . - *■•"''■ > ' t ,• , , 

; ' 7' "means retaining said teads of said bone engaging fasteners in s^d to.^d . 

' ' Second openings, said retainmg-means translatable from . „ 

bone engaging fastener insertion into said first and second openings £o a second 
.p^itiQn^^V?'^ ntf ^S^g * sa * d ^^fsjiomd openings; ' 

16/ 7 The bone fixation system of claim 15, wherein said two first ; ' ■ 
. - openings have a recess portion. adjacent said top surface and said two second . ^ 
openings have a recess portion adjacent said top surface. .. .. .. ^ 

10 •• / in. - ''The bonerfixauon system .of claim 16, wherein said heads of said_ ' 
/boneengag^giasteners^eeonfi^ 
first and second openings, v • . ' ,; <V. 

. ..- : " ' '•• ... ••"v...*' r i ^^^.^'■v''f'' <i, 'V ■' ' " . : /-" ; ' . .-. . . 

18. The bone fixation system of claim 15, , wherein said two first and , 

V .15- second opemngs.eachmclude a recess .adjacent said top 

, . • head has a partially spherical surface complementary to said recess of said two first 
\. and second openings. 7 * ^ / ,•/ • 7 ■ ■'-».■-:"' v 



■ 19. The bone fixation system of claim 18, wherein said plate further 

2b. defines a groove in said top surface extending longim^ plate for ,•; 

' 'y receiving said retaining means therein, said groove overlapping said recesses. 



' ■ 20. the bone fixation system" of claim. 15, wherein said head of said; 

■ : bone engaging fastener .has ah inclined surface and said retaining means has a 
•; 25 V. contact surface 'to- contact said inclined surface of said bone ; engaging fasteners 
■ • v " extendmg^ough'said two. first openings. , . vv /'' .->';' 

, 7.7. ' 21. -The bone fixation system of claim 15, wherein retaining means 

includes: ; •;; •'•>'"',.'•'••'•'• . :'\ .'' ' ■ .- 

30 7 a first fastener bore defined in;said .. 
and a second fastener -bore defined in said platejadjacent.said two second openings; 
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a washer having a body defining- at least a first aperture adjacent said two 
first openings and a second aperture adjacent said two second.openings and, a 
countersink portion communicating with each of said apertures, said washer further 
having a contact surface-configured to contact said head of said bone engaging 
fastener extending through said two. first openings; and . 

a locking fastener, for each of said apertures. having a head configured to be . 
at least partially recessed within said countersink portion of said washer and ap ? 
elongated shank extending through said aperture and configured to engage said 
. fastener bore of said plate. ' 

22. The bone fixation system of claim 21, wherein said apertures of said 
washer each form a slot having a length. extending longitudinally with the plate. • -•. 

23. The bone fixation system of claim 22, wherein at least one. of said 
aperture countersink portion is tapered along said' length of said slot and has a 
width that increases along said length of said aperture from said second end 
towards said first end. 

24. The bone fixation system of claim 2% wherein said at least one 
) aperture is positioned adjacent said two second openings. % 

- ' • - . . ** 

■ " ' : 25 . The bone fixation system of claim 15, wherein said- retaining means 
includes: ■ • * . . ■ . • 

a first fastener bore defined in said plate adjacent said two first openings . 
>5 . and a second fastener bore defined in said plate adjacent said two second openings; 

• : a washer having at least a first aperture adjacent said two first openings and 
a second aperture adjacent said twb'second openings and a countersink portion 
communicating with each of said apertures, said washer further having a body with 
portions overlapping said two first openings and said two second openings when 
30 said washer is in a first position relative to said two first and second openings, said 
body portions being arranged so that bone engaging fasteners can be extended 
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through said two first openings and said two second openings ,when said washer is ' 
in a second position relative, to said twegirst and second openings; ajid - . j ■* ..' 

U lockingfastener for each of said.apertures^aving a h^nflgured tobe 
at least partially recessed within said^apered portion of said- washer and an . . ■ 

elongated ^ - 
; fastener :ljore of saidJp^te.^ ' : ' • . f£y. ' ' •' ' ' : - y. w ^^t ' ' .. . 



/ ■ " 26.' : ^T^rie^oh systerrrdf cl^ said apertures of said • ; ! 

* Vw^her^rm sli having a 1^ '^fending ih the directioh of ie lengthof the^ : 



f-.i- 



P; %%; • : ^ : co^unican^ : , 

,-f- ^ • J,-;'-- ;" J ' comprising. - j; *■ -,. . ,y . ... .-'yy. .. 

• • 'x ''; '6 -:&tohe ehgagmg 'fasteners, each havmg an edargedjh5ad a 

.. ^ ■ : - * • >, - u -,V;- . • '. * . • ' ' ... ^Nl"." 

;' : K : ;v'!,,. . 71 •" ^one^air of .adj^'hol 68 adj^^ ^f^.pne pkir of ^ja^t^ 

." "4 ' Vthreaded^^ 

. ' - ; ; ^her&^aia|one ^g^g^t^^^ci^^g'^^^^d^^of _ho^^ - . ■ ; 

' fix said p^ate to said fi^ 

' ' sai*slots tb sed^ ' 

■ ■ fasteners ^^^i^^^^^^'^^^.^^f-'- ;/ ' . .. 
30 L he iength of the.piate to maintaincornpression pn^e.spinalcol^ portion,. . . -L , 
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- 29. The bone fixation system of claim 28, wherein said plate* has a top [ 
: surface and a bottom surface and said holes and said slots each further include a 
recess adjacent said top surface. 4 . -i. W 

5 30. The'boh'e fixation system of claim 28, father including a retainer 

assembly having a washer configured to overlap each of said holes and slots and 
• retain said bone engaging fasteners extending through said holes, and sk>ts.~ 

' 31- The bone fixation system of claim 30, wherein said head of each of 
10 said bone engaging fasteners has an mclmed surface and said washer^ a contact 
surface configured to contact said inclined surface of said bone engaging fasteners 
extending through said pair of holes. 

32. The bone fixation system of claim 30, wherem said plate mcludes a 
15 first fastener bore defined in said plate between said pair of holes and a second 
fastener bore defined in said plate between said pair of slots, and said retainer 
assembly further includes: . 

said washer has at least a first aperture adjacent said holes and a 
second aperture adjacent said slots and a countersink portion 
20 communicating with each of said apertures; and 

* a locking fastener for each of said apertures, said locking fastener 
having a head configured to be recessed within said recess of. said washer 
and an elongated shank extending through said aperture and configured to 
engage said fastener bore of said plate: 

25 ' r ■ ... ■ •'• .. ' ' , 

33. the bone fixation system of claim 32, wherein said elongated shank 

of said locking fastener terminates in a sharp point for penetrating a vertebral body. 

34. The bone fixation system of claim 33, wherein said head of said 
30 locking fastener defines a lower conical surface for contacting said washer. 
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• " ' . 35: : - Abonerixauon " 

. comprising:; •• ., . . 

y six bone engaging fasteners, each- having an enlarged head and a threaded , 

- -shank; and v^ : '- . ^ - • -v. 
V ' " an elongWplare having a log* extending between a Bis. end and a ■ 

secindendanlH^dto spanbe^eena, .east three ver.ehrae. said plate d=f,n:n g 

i one .pair1f^ 
" vertebra, and SipaS of slots over a third vefletta, each of said holes and *atd 
' dot* cnfigured to reeeire „aid traded shank of a eo.es.K.r.dfcg one of satd bone ; 
10 engaging fasteners therethrough, '}.>%>. -iX) •" ' \ ,/ 

/' * wherein said bone engaging fasteners extending through said pair of .holes, 
fix said plate to said first vertebra and' said bone engaging fasteners extend through 
• " sa id slots to se^^ 

- • &eh^ 

itf, theiengthbf&eplatetomain^ • 

: : 36 The bone fixation systemof claim SS.'further including.a retainer 

' : V assembly having a washer configured to overlap each of saddles and slots and; 

& J ^retam said bone^ngaging fctener extending through said holes and^ots m saad. . 

'"• " • ,. •' '• ""- •' ; >'■'•" •>• . ••< .. . •■ k *' ,'>■':.".-■ 

,20 plate. ■ • . ' ."„ '•• ."\;:. V" 

' ■ '? " " 37 A fastener retainer, assembly .for an elongated platehaying a length 
\ • lending between at kast two vertebrae; the plate defining a number of openings 
"V*. th erethroug^ ^ msertion of bone engaging fasteners to attach the plate to the at 



25 -least two vertebrae, said retainer assembly comprising: - ; 

' ' ." ' • - ; • ; • ' a first fastener bore defined in said plate adjacent at least one of the. 
■ " ^ ^ : ' openmg^positionedoverthe f& vertebra and a second fasteherrbore . 

.. ^ - ■ - ' ; ; defined in said plate adjacent at least one the openings positioned overthe 

-/ • . - ' second vertebra;^- " ' ■ y ' / .. ":\ '-■ ' 

• 30 ■ - a washer defining at least a first aperture adjacent said it least one 

;., • . opening posiuohed over the first vertebra and a second' aperture adjacent ' 
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said at least one opening positioned over the second vertebra, said washer 
configured to retain said bone engaging fasteners extending through said 
openings in said plate; and 

a locking fastener for each of said apertures, said locking fastener 
having . an elongated shank extending through said aperture and configured 
* to engage said fastener bore of said plate, said openings in said plate being 
positioned and configured wherein said washer is movable between a first 
position enabling insertion of said bone engaging fasteners into said at least 
one openings and, a second position wherein said washer retains said 
inserted bone engaging fasteners in said plate. 

; 38. The retainer assembly of claim 37^ wherein said apertures of said 
washer form slots having a length extending in the direction of the length of the 
plate. 

39. The retainer assembly of claim 38, wherein each of said apertures 
include a countersink portion communication with said slot. 

40. The retainer assembly of claim 39,. wherein said countersink portion 
of at least one of said apertures is'tapered and has a width that increases along the 
length of said aperture from a second end to a first end. 

41 . * A fastener retainer assembly for an elongated plate extending 
between at least two vertebrae, the plate defining a number of openings for 
insertion of bone engaging fasteners therethrough to secure- the plate to the at least 

. . two vertebrae, and the plate defining at least one fastener bore, said retainer 
. • ; \ assembly comprising: / * - 

* v - a washer having a central axis and defining at least a first aperture . 
in communication with said at least one fastener bore, said washer further 
configured to retain said heads of at least two bone engaging fasteners 
extending through certain ones of said openings in said plate; and 
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" a locking fastener for said first aperture having an elongated shank 
■ ? extending through-said apertu%and configured,* engage^^^ner bore 
of said plate, said washer being movable along said cental between a 
first positioh'whereby- said at ^ : .]>^ 
' X ;insertable ? intp.certa^ 
'^^JSS^^^ tWbone engaging fast^^-^aid.^atec A , 7 



;^h^fbnh'slo^ 

10 plate. ' , : ■? "v ' 

43'. The retainer assembly of claim 42, wherein each 'of said" apertures . 
L include a countersink :porti6n commuruca^on whh said slot. -;a g • >• . ^ ... 



15 / L \ - 44,' feet^er^^ V 

;. ,v of 'i ; *■ 

' ^lenfthlof si'dapermre:from r a;Sex f$J?'y$&{ % ,.'/. . 

7; '4&^ into 

' 20 ; 7 co« ' ^ V; 

' : vertebra, me me&od^ .fr -'.f ¥'^>r& 

.' '•' engaging'Vpm to the second vertebra; . -;, .-V'', '..■:„ a 

• ",*• ••.•.•.•.-"* ^*.- ; :pl^.mg$:sk^^ '-%•'*••' ..:>:3-!|rf';'''- ' ' : ' ; 

j, . . ; : : previa plaih^ • ; ' . 

:\ : 2 r second Wi&^afe incm^ ^ 
* ./■.-- , openings through the plate; _ : ' ■ V • •■ ■&['.■? ; A 

' .>' :;; v plading the plate oh me spinal column portion withthe sleeVe^ested in the . ^ 

v radius bf ; mVplate;^' . r 7 ^■■[■^\ ' *»-S\ v >... •; ^ ; 

"; . ; : ^ ; s fixmg the flfstend of the^ate-to the first .vertebra with bone : engaging . . 

30. fasteners extending through the openings positioned over the first vertebra;,, " 



. ;/v' ; ' ■ • ..... J- ■ • : - s .-: 
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removing the sleeve from the pin to form a gap between the pin and the . 

notch; . * '. 

connecting a compression tool to the pin and the plate; and 
applying a compression load to the spinal column portion with the 
5 compression tool until the pin contacts the notch. 

/ 46. , The method according to claim 45, wherein engaging a pin to the 

second vertebra includes: 

providinga template having a gtiide surface and a notch;, . 

10 positioning the template on the second vertebra with the guide surface on 

an endplate of the second vertebra to Ideate the notch on the body of the second 

vertebra; 

inserting a pin through the notch of the template into, the body of the second 
vertebra;: and * 
15 removing the template; 

47. The method according to claim 45, further comprising providing a 
plate with holes positioned over the first vertebra and slots positioned over the 
second vertebra. 

20 • : '< 

48. The method according to claim 45, further comprising retaining the _ 
bone engaging fasteners in the plate with a retainer assembly. 

49. A method for allowing graft settling in a portion of a spinal column, 

— 25 , comprising: . s /■ . • . 

. providing a plate having a length between a first end and a second end 
- " . sized to span at least two vertebra, the plate having a pair of holes at the first end 
positioned over the first vertebra and a pair of slots at the second end positioned 
over the second vertebra; . 
30 fixing the first end of the plate to the first vertebra with bone engaging 

fasteners extending through the pair of holes; 
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10 



the second end. of the plateto thes6cond vertebra with bone 
fasteners extending through the pairof slots; and- .., , ,,,v . * 

. ' translatihg the bone engaging fato^ - 
spinal column pbrtion. . „ c '; ,J *-r > .• - V .' ."" 

. .- 50. The method according- to. 
bone ensasihg' fasteners ih'the plate with a retainer assembly. : ' : p„\ y:0 : - 

/ > f 51. vr Tfe inethod ^ " 
.iScludes a WashMvifig alen^'s^^ ofthe 



plate. 
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